'Abstract: Using passive elements and control to produce three-phase from single-phase is a robust, simple conversion technique that produces balanced three-phase voltage. The magnetic amplifier/saturable reactor is revisited and used as a control element in the converter which is designed to run a 15kW induction motor for ruralhemote water pumping applications.
Introduction
The most costly element of countrywide electrification is that of distribution. If only one phase is transmitted instead of three, then the overall cost of distribution is considerably lessened. However, the problem is that the majority of large machines used in industrial and farming equipment, rely on three-phase power. This is typical of the situation as found in rural and developing areas where the cost of distributing three phase power is prohibitively high but three phase machines are in demand. As a result of this, there is a growing need to perform single-to three-phase conversion.
For any balanced three-phase load, such as an induction motor, it is shown that a two-element reactive phase converter can offer exact phase balance Holmes [ 11. %e principal is illustrated below in figure 1. The two compensating elements, Z , and Z, , are normally found to be inductive andor capacitive y, and therefore act only as energy storage units, wasting no power.
With the use of the saturable reactor, it is found that this proposed converter topology is realisable, however two main problems are encountered.
Firstly, producing a continuously variable source of power capacitance proves to be more difficult, Secondly, many control strategies for the compensating elements involve instability. These problems are addressed and suggested solutions made.
As a single-to three-phase conversion technique, this is attractive, not only because of its simplicity. The generation of undesirable harmonic current is to be avoided. Slight supply voltage distortion must not give rise to excessive harmonic current. This is particularly true for capacitors as their impedance is inversely proportional to frequency.
Derivation of Comuensatinn Elements
The values of the susceptances, Z , and Zp, required to balance the load are determined by Malengret [2] as follows:
In order for the total loaa to draw balanced currents, the unbalanced impedances must be zero.
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Thus:
/J=Y1+aYz+a &=O Therefore, rearranging we get:
(i+$-,6)( G2+jB2 $-ij-,6)( G3+jB3 )=-Gi-jBi
Which can be manipulated into the following form: 
3, Calculating Compensatinp Element Values
The equivalent resistance and inductance of the 15kW GEC induction motor are substituted into the determined equations and plotted against motor slip resulting in graph 1. As can be seen from graph 1, if appropriates starting resistors are used the compensating elements remain entirely inductive and capacitive respectively.
Thus the converter takes on the topology shown in figure 2.
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Figure 2: Initial converter topology.
4. The Saturable-Core Reactor,
The saturable-core reactor is an iron-core inductor, the inductance of which is a function of the current in a separate, d-c control winding, Matsch [3] . It is therefore possible to obtain a variable inductance, simply by altering a d-c control current. The effect of the control current is to vary the permeability of the core by saturating it with a constant magnetic field. Varying the degree of saturation alters the relative inductance of the reactor. The higher the saturation, the lower the inductance and vice versa. 
Advantages Disadvantages
In figure 3 the a-c output windings are connected in series, however parallel connection is also possible. In both cases extreme caution must be taken to observe that the windings are connected with the correct polarity. Failing to do this will iesult in hazardous voltages being generated at the terminals of the control winding through transformer action. figure 4 below.
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Figure 4: Improved converter topology.
Control Theory
It appears that measuring motor slip, which is accomplished by measuring motor speed, is a method for controlling the converter, seen that compensating element values are calculated as functions of motor slip. Due to the physical nature of the motor-pumping system, it is neither practical nor economically viable to attach any speedmonitoring device, such as a taco-generator, to the system. Therefore a simple analogue controller based on monitoring the currents in each of the motor legs is considered as can be seen below in figure 5 .
;i Initially it is thought that a simple analogue current controller will be prone to inherent instability due to the multi-variable nawe of the control1 problem.
This is as a result of the following:
0
Any change in impedance of either Z, or Zp results in both Izz and Izs being effected. Both compensating elements will attempt to correct for the current imbalance, which could result in current hogging and possibly instability. Phase imbalance can cause negative sequence currents or "anti-currents" to flow in the individual phases of the motor, this will result in the phase current, IZI, not being a true reflection of the motor slip. Seen that the compensating elements effect the .phase As can be seen from figure 7 above, the results of the simulation are successful. The controller appears to be stable resulting in balanced load currents.
It must be taken into account, however, that due to the extreme preciseness of the simulation package, the controller is not subjected to harmonics or subtle environmental disturbances that could result in instability and thus the results may not be a true reflection of what will occur in real life. A simulation to test the robustness of the controller has not yet been attempted.
Possible negative effects
The supply voltage is always subject to some harmonic distortion. This can result in large current distortions within this converter due to the capacitive nature of the one compensating element. This element is placed across one of the motor phases and thus will attempt to correct for any supply voltage harmonics. This results in large harmonic currents flowing in the capacitors which results in heating of the capacitors and eventually failure. This effect will need to be reduced by incorporating a filter that will act as a high impedance to any supply current harmonics.
Conclusions
Passive element conversion, with the use of the saturable-core reactor, appears promising as a single-to three-phase conversion technique from both an economical and reliability perspective. However the use of this technique is by no means restricted to phase conversion only. The area of load balancing of three-phase systems, Czarnecki et al [4] , is becoming an area of great interest.
